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VPDUWPHWHUV E\ 0HWHU'DWD0DQDJHPHQW 6\VWHP 0'06 LV D FULWLFDO FRPSRQHQW WR UHDOL]LQJ WKH SRWHQWLDO EHQHILWV RI VPDUW JULGV
LQIUDVWUXFWXUHWKLVV\VWHPDQDO\]HVWKHGDWDFROOHFWHGDQGVHQWE\WKH6PDUW0HWHUWRVHWHOHFWULFSRZHUFRVWVDQGWROHWFRQVXPHUVXVHHQHUJ\
HIILFLHQWO\0RVWPHWHUGDWDPDQDJHPHQWV\VWHPVRQWKHPDUNHWWRGD\LQWHJUDWHPXOWLSOHFROOHFWLRQV\VWHPVDQGDFWDVWKHFHQWUDOGDWDUHSRVLWRU\












 WDUJHWV LH DUHGXFWLRQ LQ(8JUHHQKRXVHJDV
HPLVVLRQV IURP  OHYHOV UDLVLQJ WKH VKDUH RI (8 HQHUJ\








RI VXSSO\ DQG VDIHW\ 6PDUW JULGV DOORZ FRPSDQLHV DQG
KRXVHKROGV WR SURGXFH HOHFWULFLW\ IRU H[DPSOH ± XVLQJ
SKRWRYROWDLF SDQHOV RUZLQG WXUELQHV DQG VHOO LW RQ WR RWKHU
FRQVXPHUVWKURXJKH[LVWLQJQHWZRUNV>@
$0HWHU'DWD0DQDJHPHQW6\VWHP0'06LVDV\VWHPRU
DQ DSSOLFDWLRQZKLFKPDLQWDLQV DOO LQIRUPDWLRQ WR EH DEOH WR
FDOFXODWHWKHHQHUJ\ELOOIRUDFXVWRPHUEDVHGRQWKHPHWHUGDWD
UHWULHYHGIURP$GYDQFHG0HWHULQJ,QIUDVWUXFWXUH$0,KHDG
HQGV7KHHQHUJ\ELOO LQIRUPDWLRQ LV W\SLFDOO\ IRUZDUGHG WR
FRQVXPHUUHODWLRQVKLSDQGELOOLQJV\VWHPV>@
6PDUWJULGVVWDQGDUGL]DWLRQFRQWH[W
%DVHG RQ WKH FRQWHQW RI WKH0 (80DQGDWH >@ WKH
6PDUW *ULGV 7DVN )RUFH >@ ZDV VHW XS E\ WKH (XURSHDQ
&RPPLVVLRQLQWRDGYLFHRQLVVXHVUHODWHGWRVPDUWJULG
GHSOR\PHQWDQGGHYHORSPHQW*HQHUDOO\WKHVFRSHRIZRUNIRU
WKH 6PDUW*ULGV7DVN )RUFHZDV WR GHYHORS D IUDPHZRUN WR




WHFKQRORJLHV DQG HOHFWULFDO DUFKLWHFWXUHV DQG DVVRFLDWHG
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SURFHVVHV DQG VHUYLFHV WKDWZLOO DFKLHYH LQWHURSHUDELOLW\ DQG
ZLOO HQDEOHRU IDFLOLWDWH WKH LPSOHPHQWDWLRQ LQ(XURSHRI WKH
GLIIHUHQW KLJK OHYHO 6PDUW *ULG VHUYLFHV DQG IXQFWLRQDOLWLHV
IOH[LEOHHQRXJKWRDFFRPPRGDWHIXWXUHGHYHORSPHQWV>@
7KH 6PDUW *ULG $UFKLWHFWXUH 0RGHO 6*$0 KDV EHHQ
GHYHORSHG WR HQVXUH LQWHURSHUDELOLW\ DQG WR IRVWHU D FRPPRQ
XQGHUVWDQGLQJ EHWZHHQ YDULRXV VWDNHKROGHUV DFWLYH RQ
GHYHORSLQJ6PDUW*ULG7HFKQRORJLHVLWFRQVLVWVRIILYHOD\HUV
UHSUHVHQWLQJWKHEXVLQHVVREMHFWLYHVDQGSURFHVVHVIXQFWLRQV
LQIRUPDWLRQ H[FKDQJH DQGPRGHOV FRPPXQLFDWLRQ SURWRFROV
DQGFRPSRQHQWV
7KH6*$0VSDQVWKUHHGLPHQVLRQV'RPDLQV*HQHUDWLRQ
7UDQVPLVVLRQ 'LVWULEXWLRQ 'LVWULEXWHG (QHUJ\ 5HVRXUFHV
'(5 &XVWRPHU 3UHPLVHV =RQHV 3URFHVV )LHOG 6WDWLRQ




2Q WKLVPRGHO WKH0'06PD\ EH YLHZHG DV EDFNRIILFH
V\VWHPV LQWHJUDWLQJ DOO FROOHFWLRQ HQGSRLQW GDWD IURP $VVHW
0DLQWHQDQFH 0DQDJHPHQW 6\VWHP &XVWRPHU 5HODWLRQVKLS
0DQDJHPHQW &50 7UDGLQJ 6\VWHP $0, 6\VWHP
'LVWULEXWLRQ 0DQDJHPHQW 6\VWHP '06 *HRJUDSKLF
,QIRUPDWLRQ6\VWHP*,6LQFOXGLQJ2XWDJH0DQDJHPHQWDQG
6&$'$ ,QWHUFRPSDQ\'DWD ([FKDQJH DQG ,QWHUQHW 3RUWDOV
2Q)LJEHORZDUHSUHVHQWHGLQWKH'RPDLQV=RQHVSODQHRI
WKH6*$0WKHFRPSRQHQWVRID0'06

















































































 ,QWHJUDWLRQ RI GDWD FROOHFWLRQ V\VWHP D FHQWUDOL]HG









&RQVXOWDQF\ FRPSDQLHV >@ SUHSDUH UHJXODU VWXGLHV DQG
UHSRUWVFRQFHUQLQJYHQGRUVRI0'06VROXWLRQVFODVVLI\LQJWKH
YHQGRUVDQGVROXWLRQVXVLQJULJRURXVFULWHULDVXFKVWXGLHVFDQ
EH XVHG E\ WKH 3XEOLF 8WLOLWLHV &RPSDQLHV DV JXLGDQFH IRU
VHOHFWLQJD0'06VROXWLRQ
9HQGRUVDOVRSUHSDUHFRPSUHKHQVLYHVWXGLHV>
@SUHVHQWLQJSURSULHWDU\ VROXWLRQV LPSOHPHQWDWLRQ VWUDWHJLHV
DQGPHWKRGRORJLHV
)RFXVHG WR HODERUDWH D VWUXFWXUHG DSSURDFK WRZDUG WKH
DVVHVVPHQWRIWKH0'06FDSDELOLWLHV$FFHQWXUH>@SURSRVHV




$FFRUGLQJ ZLWK $FFHQWXUH¶V 0'06 PDWXULW\ PRGHO
IUDPHZRUNWKHUHDUHILYHOHYHOVRIPDWXULW\ZKHQDQDVVHVVPHQW
RI FDSDELOLWLHV DUULYH (DFK OHYHO UHODWHV D VWDWH RI IXQFWLRQDO
VFRSHZLWKDVWDWHRIWHFKQLFDOVFRSH
6RIWZDUH (QJLQHHULQJ ,QVWLWXWH IURP &DUQHJLH 0HOORQ
8QLYHUVLW\SURSRVHVDFRPSOH[6PDUW*ULG0DWXULW\0RGHO>@
DVDWRROWKDWXWLOLWLHVFDQXVHWRSODQWKHLUVPDUWJULGHYROXWLRQ
PHDVXUH SURJUHVV WRZDUG DQG SULRULWL]H RSWLRQV 7KH PRGHO
GHVFULEHV HLJKW GRPDLQV ZKLFK FRQWDLQ ORJLFDO JURXSLQJV RI
LQFUHPHQWDO VPDUW JULG FKDUDFWHULVWLFV DQG FDSDELOLWLHV WKDW










KDV FULWLFDO HIIHFWV RQ GDWD YROXPHV 0DQ\ OHJDF\ &,6 XVH
UHODWLRQDO GDWDEDVH WHFKQRORJ\ ZKLOH WKH VPDUW PHWHULQJ
FRQFHSWV UHTXLUH GHSOR\PHQW RI WUXH WLPH VHULHV GDWDEDVH
HQYLURQPHQW
7R UHPDLQ FRPSHWLWLYH 8WLOLWLHV PXVW DFFHOHUDWH WKH
UHSODFHPHQW RI LQIOH[LEOH FXVWRPHU LQIRUPDWLRQ V\VWHPV DQG
DGGQHZFDSDELOLWLHVWRLPSURYHEXVLQHVVSHUIRUPDQFH
7KH 0'06 PDUNHW WRGD\ RIIHUV D KRVW RI VROXWLRQV
FRQVLVWLQJ RI IXQFWLRQDOLWLHV WKDW PD\ EH H[SHFWHG IURP D
0'06 KRZHYHU HYHU\ VROXWLRQ LV GHVLJQHG DURXQG FHUWDLQ
IXQFWLRQDOLWLHVDQGEDVHGRQVSHFLILFSURSULHWDU\DUFKLWHFWXUHV
DQGWHFKQRORJLHV
7KH SUREOHPFKDOOHQJHTXHVWLRQ DUULYLQJZKHQ VHOHFWLQJ D
0HWHU'DWD0DQDJHPHQW6\VWHPLV+RZWRLQWHJUDWH0'06







$[LRPDWLF GHVLJQ > @ LV D GHVLJQ WKHRU\ DQG































JULG FRQFHSW DQG WKH 6PDUW *ULG $UFKLWHFWXUH 0RGHO
IUDPHZRUNKHQFHDGHILQHGVHWRIFXVWRPHUDWWULEXWHV$VWKH
SURFHGXUHLQWHQGVWRFRQILJXUHDVROXWLRQUDWKHUWKDQGHYHORSLQJ
D VROXWLRQ WKH SULPDU\ IRFXV LV RQ PDSSLQJ EHWZHHQ WKH
IXQFWLRQDOGRPDLQDQGWKHSK\VLFDOGRPDLQ
5.1. Identification of functional requirements 
7KH NH\FRUH HOHPHQWVIHDWXUHV FRPPRQ IRU DQ 0'06
VROXWLRQDUHSUHVHQWHGDERYHWUDQVIRUPLQJWKHVHIHDWXUHVLQWR
IXQFWLRQDOUHTXLUHPHQWVPD\EHDFKDOOHQJLQJXQGHUWDNLQJ






7KH ILUVWRXWFRPHRI WKH VWXG\ LVD V\QWKHWL]HG OLVWRI










UHODWHG WR WKH IXQFWLRQDO UHTXLUHPHQWV DOVR VWUXFWXUHG LQ D
KLHUDUFK\RIILYHOHYHOVODEHOHGDVRQ)LJEHORZ7KHPRGHO
ZDVXVHG WRDVVHVV WZRSRWHQWLDO VROXWLRQVSolution (a) IURP
















LQYHVWLJDWHG IURP WKH SHUVSHFWLYH RI IXQFWLRQDO UHTXLUHPHQWV
DQGZKHUH WKH FDVHZDV WKH IXQFWLRQVZHUH UHODWHGZLWK WKH
VSHFLILFGHVLJQSDUDPHWHUV
7KHVHFRQGRXWFRPHRIWKHVWXG\LVWKHDVVHVVPHQWWKDWWKH
SRWHQWLDO Solution (a) H[LVWLQJ RQ FOLHQW &,6 ODQGVFDSH
UHVSRQGV E\ LWV GHVLJQ SDUDPHWHUV WR  RI WKH IXQFWLRQDO
UHTXLUHPHQWV+RZHYHU WKHSRWHQWLDOSolution (b)ZKLFK LVD
FDQGLGDWH IRU LPSOHPHQWDWLRQ UHVSRQGV WR DOO  IXQFWLRQDO
UHTXLUHPHQWV$FFRUGLQJWRLWVRZQREMHFWLYHVDQGFRQVLGHULQJ
ULVNV DVVRFLDWHGZLWK WKHPDWXULW\ RI WKH VROXWLRQV WKH FOLHQW
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$FFRUGLQJ WR7KHRUHP >@ µµZKHQ WKHUH DUHPRUH'3V
WKDQ)5VWKHGHVLJQLVUHGXQGDQWGHVLJQZKLFKFDQEHUHGXFHG
WR DQ XQFRXSOHG GHVLJQ RU D GHFXSOHG GHVLJQ RU D FRXSOHG
GHVLJQ¶¶
7KHRUHP>@VWDWHWKDWLQDQLGHDOGHVLJQWKHQXPEHURI
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7KLV GHVLJQ SDUDPHWHU UHIHUV WR D VWDQGDUG SODWIRUP IRU
$SSOLFDWLRQ/LIHF\FOH0DQDJHPHQW$/0
DP.2: 0HWHU 'DWD DQG 2SHUDWLRQV 0DQDJHPHQW 'HYLFH
0DQDJHPHQW$SSOLFDWLRQV






GDWD DFFXUDWHO\ RQ WLPH IRU IXUWKHU SURFHVVLQJ RU WR H[WHUQDO




7KLV GHVLJQ SDUDPHWHU UHIHUV WR FUHDWLQJ FDOFXODWLRQ DQG
YLVXDOL]DWLRQUROORXWVFHQDULRVWUXFWXUHLQIRUPDWLRQGHYLFHV
GHYLFH ORFDWLRQ GDWD IURP*,6 FDOFXODWHPHWHU W\SH UHODWHG




SURFHVVHV VXSSRUWLQJ ZDUHKRXVLQJ PDVV GHSOR\PHQW DQG
RSHUDWLRQV $SSOLFDWLRQ RSWLPL]HV ZDUHKRXVH DQG ZRUNIRUFH
SURFHVVHVWRVXSSRUWPDVVLQVWDOODWLRQPHWHUPDLQWHQDQFHDQG
RWKHUPHWHUUHODWHGSURFHVVHV
DP.5: %3(0 %XVLQHVV 3URFHVV ([FHSWLRQ 0DQDJHPHQW
$SSOLFDWLRQV
7KLVGHVLJQSDUDPHWHUUHIHUVWRDQDO\]HVDQGPRQLWRUPDVV























DQG PDUNHWLQJ WKURXJK EXVLQHVV SURFHVVHV DQG HQWHUSULVH
DSSOLFDWLRQV
DP.10:5HDO7LPH'DWD3ODWIRUPLQPHPRU\
7KLVGHVLJQSDUDPHWHU UHIHUV WRSRVVLELOLW\ WRH[SORUHDQG
DQDO\]HYDVWTXDQWLWLHVRIGDWDIURPYLUWXDOO\DQ\GDWDVRXUFH
ZLWK KLJK VSHHG 5HDO 7LPH WHFKQRORJ\ JLYHV WKH SRZHU WR
LQVWDQWO\DFFHVVDQGDQDO\]HWUDQVDFWLRQDODQGDQDO\WLFDOGDWD
DP.11:%XVLQHVV,QWHOOLJHQFH$SSOLFDWLRQV













DP.14: *RYHUQDQFH 5LVN DQG &RPSOLDQFH *5&
6ROXWLRQV)UDXG0DQDJHPHQW







GHPDQG E\ LQIOXHQFLQJ WKH TXDQWLW\ RI FRQVXPHG HQHUJ\









&RQILJXUDWLRQ RI D 0'06 VROXWLRQ FRQVLGHULQJ D VHW RI
)XQFWLRQDO 5HTXLUHPHQWV DQG 'HVLJQ 3DUDPHWHUV FDQ EH
FKDOOHQJLQJ KRZHYHU LW FDQ EH VLPSOLILHG E\ GHSOR\LQJ WKH
IRUPDOLVPRI WKH$[LRPDWLF'HVLJQPHWKRGRORJ\ ,W LVQRWHG
WKDW V\VWHP LQWHJUDWLRQ DGGUHVVHG WKURXJK WKH $[LRPDWLF
'HVLJQLWLVYHU\VHQVLWLYHWRWKHPHWKRGRORJ\HPSOR\HGRQWKH
GHFRPSRVLWLRQRIWKH)XQFWLRQDO5HTXLUHPHQWV,WLVSUHIHUDEOH
WKDW D )XQFWLRQDO 5HTXLUHPHQW DW WKH KLJKHVW OHYHO EH
FRQILJXUHGXVLQJ'HVLJQ3DUDPHWHUVRIWKHVDPHSODWIRUP
$FNQRZOHGJHPHQWV
5HVHDUFK ZRUN ZDV FRQGXFWHG LQ D FRQVXOWDQF\ FRQWUDFW
IDFLOLWDWHG E\ WKH ,QIRUPDWLRQ%XVLQHVV&RQVXOWLQJ5RPDQLD
7KHDXWKRUVWKDQNWKHDGPLQLVWUDWLRQIRUWKHRSSRUWXQLW\
5HIHUHQFHV
>@ 6PDUW *ULG 0DQGDWH 0 6WDQGDUGL]DWLRQ 0DQGDWH WR (XURSHDQ
6WDQGDUGLVDWLRQ 2UJDQLVDWLRQV (62V WR VXSSRUW (XURSHDQ 6PDUW *ULG
GHSOR\PHQW $YDLODEOHKWWSHFHXURSDHXJURZWKWRROV
GDWDEDVHVPDQGDWHVLQGH[FIP"IXVHDFWLRQ VHDUFKGHWDLO	LG  DFFHVVHG







LQWHUQDO PDUNHW 0LVVLRQ DQG ZRUN SURJUDPPH $YDLODEOH
KWWSVHFHXURSDHXHQHUJ\VLWHVHQHUILOHVGRFXPHQWVPLVVLRQBDQGBZRUNSURJ
UDPPHSGIDFFHVVHG
>@ &(1&(1(/(&(76, 6PDUW *ULG &RRUGLQDWLRQ *URXS 6PDUW *ULG




,WURQ  $YDLODEOH KWWSVZZZLWURQFRP3XEOLVKHG&RQWHQW.H\ 0'0
)HDWXUHV:KLWHSDSHUB),1$/SGIDFFHVVHG
>@0DQLSLOODL62UDFOH8WLOLWLHV0HWHU'DWD0DQDJHPHQW±7KHEDFNERQHIRU
6PDUW JULG LPSOHPHQWDWLRQV $YDLODEOH KWWSVHQWKLOPNXPDU
XWLOLWLHVEORJVSRWURBBBDUFKLYHKWPODFFHVVHG
>@6XPLF=0DJLF4XDGUDQWIRU0HWHU'DWD0DQDJHPHQW3URGXFWV3XEOLVHG
E\ *DUWQHU 'HFHPEHU  $YDLODEOH
KWWSZZZJDUWQHUFRPWHFKQRORJ\UHSULQWVGR"LG 
;:.	FW 	VW VEDFFHVVHG
>@ 0XOWL7HQDQW 0HWHU 'DWD 0DQDJHPHQW $ 6\VWHPV $SSURDFK WR










5HOHDVH   2IILFH RI WKH 1DWLRQDO &RRUGLQDWRU IRU 6PDUW *ULG



























>@ &XVWRPHU ,QIRUPDWLRQ 6\VWHP &,6 6ROXWLRQ ,PSOHPHQWDWLRQ &LW\ RI





KWWSFLW\GRFVIFJRYFRP"FPG FRQYHUW	YLG 	GRFLGGW 5)3 DFFHVVHG

>@ 0HWHU 'DWD 0DQDJHPHQW 6\VWHP 0'06 %& +\GUR 5HTXHVW )RU
3URSRVDOV 0'06 5)3   $YDLODEOH
ZZZSDUWQHUVKLSVEFFDILOHVGRFXPHQWVPGPVBUISBILQDOSGI DFFHVVHG

>@0HWHU'DWD0DQDJHPHQW 6\VWHP ,PSOHPHQWDWLRQ 3URMHFW5HTXHVW )RU
3URSRVDO 6* &RORUDGR 6SULQJV 8WLOLWLHV $YDLODEOH
KWWSZZZPHWHULQJFRPDPLDWFRORUDGRVSULQJVXWLOLWLHVDPXOWLVHUYLFH
V\VWHPDFFHVVHG
>@ %DWFKHOGHU 3K\OOLV 7KH9DOXH RI (QWHUSULVH0HWHU 'DWD0DQDJHPHQW







GHVLJQ 3URFHHGLQJ RI ,&$' 7KH (LJKWK ,QWHUQDWLRQDO &RQIHUHQFH RQ
$[LRPDWLF'HVLJQ&DPSXVGH&DSDULFD6HSWHPEHUSJ
,6%1
